Long-term results of the “Palliative” mustard operation  by Dhasmana, Janardan P. et al.
1138 JACC Vol. 6, No, 5 
November 1985: 1138-41 
Long-Term Results of the "Palliative" Mustard Operation 
JANARDAN P. DHASMANA, MD, FRCS, JAROSLAV STARK, MD, FRCS, FACC, 
MARC DE LEVAL, MD, FERGUS J. MACARTNEY, MD, FACC, PHILIP G. REES, BSc, MRCP, DCH, 
JAMES F. N. TAYLOR, MD, FACC 
London. England 
A long-term follow-up study after 41 palliative Mustard 
operations for transposition of the great arteries and 
pulmonary vascular obstructive disease is presented. The 
operations were performed from 1973 to 1980. Mean 
pulmonary arteriolar resistance was 13.96 ± 6.7 Um2• 
A ventricular septal defect was not closed in 34 patients; 
in 7 it was created at operation. There were three hos•
pital and two late deaths. Survivors were followed up 
for 3 to 10 years (mean 76.7 ± 22.8 months). Before 
operation 4 children were in New York Heart Associa•
tion functional class IV and 33 were in class III. Mean 
hemoglobin concentration was 19.43 ± 3.14 gldl and 
arterial oxygen saturation was 63.44 ± 11.29%. 
In patients with complete transposition of the great arteries 
and severe pulmonary vascular disease, a definitive correc•
tive operation is associated with high operative risk (l). In 
such patients, Lindesmith et a1. (2) introduced the concept 
of the palliative Mustard operation, that is, leaving the ven•
tricular septal defect open. An earlier report (3) described 
our experience with the palliative Mustard operation in 23 
patients, all of whom survived. In two other patients with 
transposition of the great arteries with intact ventricular 
septum and severe pulmonary vascular disease, a ventricular 
septal defect was created during the palliative procedure (4). 
In this study we update our previous experience and evaluate 
the long-term results in a total of 41 patients. 
Methods 
Patients. Forty-one patients with pulmonary vascular 
disease and transposition of the great arteries or double outlet 
right ventricle were operated on between May 1973 and 
April 1980. The first 23 of these have been reported on 
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After operation 18 patients were in functional class 
I, 17 in class II and only 1 in class III. Hemoglobin level 
decreased to 14.19 ± 2.3 g/dl and arterial oxygen sat•
uration improved to 89.12 ± 7.25%. Cardiac catheter•
ization in 21 survivors confirmed no change in pulmo•
nary artery pressure and resistance. Effective pulmonary 
blood flow improved from 1.39 ± 0.39 before to 2.6 ± 
0.78 liters/min per m2 after operation. The palliative 
Mustard operation carries a low risk and provides ex•
cellent symptomatic improvement up to 10 years in pa•
tients with transposition of the great arteries and pul•
monary vascular disease. 
(J Am Coli CardioI1985;6:1138-41) 
previously (3). A palliative Mustard operation was per•
formed in 40 patients and 1 underwent a palliative Senning 
procedure. The patients ranged in age from 3 months to 17 
years (mean 8.75 ± 5.25). At the time of operation they 
weighed between 3.6 and 52.5 kg (mean 22 ± 12). 
Of the 39 patients with complete transposition of the great 
arteries, 32 had a ventricular septal defect and 7 had an 
intact ventricular septum (Table 1). In the latter seven, a 
ventricular septql defect was created at operation, as pre•
viously described in two of these patients (4). The remaining 
two patients had a double outlet right ventricle with a sub•
pulmonary ventricular septal defect. Twenty-one patients 
had undergone a total of 34 previous operations (Table 2). 
All patients were severely cyanotic and their exercise 
tolerance was limited. Only 4 patients could be classified 
in New York Heart Association functional class II; 33 were 
in class III and 4 in class IV. Their preoperative hemoglobin 
concentration ranged from 13.1 to 26.0 gldl (mean 19.4 ± 
3.1). Systemic arterial saturation ranged from 46 to 81 % 
(mean 63.4 ± 11.3%). 
All patients had preoperative cardiac catheterization un•
der sedation without general anesthesia. Oxygen saturation 
and pressures were recorded in all cardiac chambers, the 
venae caVae, great arteries and pulmonary veins. Systemic 
and pulmonary blood flow, as well as effective pulmonary 
blood flow, were calculated using the Fick principle with 
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Table 1. Diagnosis of 41 Patients Who Had the Palliative 
Mustard or Senning Operation 
Diagnosis 
Transposition of the great arteries with 
intact ventricular septum 
Transposition of the great arteries plus 
ventricular septal defect 
Transposition of the great arteries plus 
ventricular septal defect plus patent ductus 
arteriosus 
Transposition of the great arteries plus 
patent ductus arteriosus and coarctation 
of the aorta 
Transposition of the great arteries plus 
patent ductus arteriosus and intact 
ventricular septum 
Double outlet right ventricle plus 
ventricular septal defect with d-malposition 
No. of Patients 
4 
26 
6 
2 
2 
an assumed oxygen consumption (1). Pulmonary resistance 
was calculated from the mean pressure decrease across the 
pulmonary circulation and the pulmonary blood flow cor•
rected for the body surface area. 
All patients had evidence of moderate to severe pulmo•
nary vascular disease. Pulmonary vascular resistance was 
calculated to be less than 8 U/m2 in six patients, all of whom 
had a lung biopsy specimen showing changes of pulmonary 
vascular disease of grade II or greater (6). In seven, pul•
monary resistance ranged between 8 and 10 U/m2; in most, 
lung biopsy confirmation was obtained. Pulmonary resis•
tance greater than 10 U/m2 was present in 28 patients. 
Operation. The patients were operated on using cardio•
pulmonary bypass and hypothermia (20 to 28°C). During 
the first 5 years of this study period, intermittent aortic cross 
clamping and short periods of decreased flow were used 
during repair; these measures were later replaced by cold 
potassium cardioplegia with one period of aortic cross 
clamping. The trouser-shaped intraatrial baffle used was 
composed of pericardium in 35 patients and Dacron cloth 
in 5. the last patient underwent a Senning procedure. Pul-
Table 2. Operations Performed Before the Palliative Mustard 
Operation in 21 Patients 
Operations Performed 
Blalock-Hanlon atrial septectomy 
Pulmonary artery banding 
Blalock-Hanlon atrial septectomy plus pulmonary 
artery banding 
Ligation of persistent ductus arteriosus plus 
pulmonary artery banding 
Ligation of persistent ductus arteriosus 
Blalock-Taussig shunt 
Repair of coarctation of the aorta 
Thoracotomy 
Total 
No. of 
Operations 
16 
4 
2 
3 
4 
1 
3 
34 
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monary artery reconstruction (debanding), ligation of the 
shunt and ligation of persistent ductus arteriosus were car•
ried out as appropriate. The ventricular septal defect was 
left open. In the seven patients with an intact ventricular 
septum. a septal defect was created using a technique pre•
viously described (4). The postoperative management was 
similar to that used in children after open heart surgery. 
Eight patients required catecholamine support for periods 
of 18 hours to 7 days. Seventeen patients underwent ven•
tilation for more than 48 hours. 
Results 
Hospital deaths. Three patients died in the hospital at 
age II, 16 and 12 years, respectively. The first patient died 
on the first postoperative day as a result of severe hemor•
rhagic pulmonary edema. In this patient the ventricular sep•
tal defect created at the time of operation was considered 
to be too small. The second patient died on the ninth post•
operative day as a result of low cardiac output and renal 
failure. The third patient died on the sixth day because of 
low cardiac output. Postmortem examination showed that 
this patient had developed tricuspid incompetence as a result 
of the ventricular septal defect created at operation. 
Late deaths. The 38 hospital survivors were followed 
up for 39 to 120 months (mean 76.7 ± 22.8). The actuarial 
survival rate among hospital survivors was 92% at 7 years. 
Two deaths occurred. One patient died suddenly 6.8 years 
after surgery of acute respiratory failure due to bronchial 
compression by an aneurysm of the pulmonary artery. The 
second patient died suddenly 12 months after the operation. 
Postmortem examination showed no apparent cause of death, 
but the patient was seen by a cardiologist 2 weeks earlier 
because of a brief episode of bradycardia. The cause of 
death may have been an arrhythmia. 
Long-term results. The remaining 36 patients are alive 
and well. When possible, a late measurement of hemoglobin 
concentration and systemic arterial oxygen saturation was 
made for comparative assessment. The functional state was 
assessed from the latest clinic examination at The Hospital 
for Sick Children, questionnaires to the local referring car•
diologists and. in almost all cases, discussion with the parents. 
Functional state. Figure I shows that 18 (50%) of the 
survivors were in functional class I postoperatively. These 
patients were able to resume their normal routine without 
any disability. They took part in school sports, swimming, 
dancing and horseback and bicycle riding. Seventeen were 
in class II, with some limitation. Only one patient was still 
disabled and in class III. Ten patients are now employed in 
various capacities, from part-time shop assistant to elec•
tronics engineer. 
Cvanosis. Preoperatively, all patients were severely cy•
anotic. but only one patient was severely cyanotic postop•
eratively. This was a girl operated on at the age of 16 years. 
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Figure 1. Improvement after palliative Mustard/Senning opera•
tion in 36 patients is illustrated by changes in New York Heart 
Association (NYHA) functional classification. PRE-OP. and POST•
OP. = preoperative and postoperative, respectively. 
Postoperative cardiac catheterization revealed severe pul•
monary hypertension, a systemic arterial oxygen saturation 
of 67% and evidence of biventricular failure. End-diastolic 
pressure in the right and left ventricle was 20 and 25 mm 
Hg, respectively. This patient was still alive 7 years after 
operation and in functional class III (mentioned earlier). 
The remaining 35 patients are not cyanosed at rest; 12 of 
them have mild cyanosis on exertion. 
Hemoglobin. There was a significant postoperative re•
duction in the hemoglobin concentration, the mean value 
being 14.2 ± 2.3 g/dl as compared with the preoperative 
value of 19.4 ± 3.1 g/d!' The systemic arterial oxygen 
saturation improved postoperatively to 89.1 ± 7.3% from 
the preoperative value of 63.4 ± 11.3%. Both changes were 
statistically significant 
Postoperative cardiac c~theterization. Twenty-one 
patients underwent postoperative cardiac catheterization I 
month to 8 years after operation. Only two patients under•
went catheterization during the first 6 months after operation. 
After the palliative procedure, systemic arterial oxygen 
saturation improved considerably (p < 0.0001). There was 
a decrease in pulmonary artery oxygen saturation, although 
this change was not statistically significant. There was no 
change in pulmonary artery pressure, pressure gradient across 
the pulmonary circulation (pulmonary artery pressure-left 
atrial pressure), pulmonary to systemic flow ratio or pul•
monary arteriolar resistance. Some postoperative increase 
in the systemic vascular resistance was noted (p = 0.004). 
Although there was no change in pulmonary artery flow, 
pressure or resistance, a significant change was noted in 
effective pulmonary blood flow, representing systemic ve•
nous blood shunting into the pulmonary circuit (Fig. 2). 
Mean effective pulmonary flow increased from a preoper•
ative value of 1.4 ± 0.4 liters/min per m2 to a postoperative 
value of 2.8 ± 0.8 liters/min per m2. This difference was 
highly significant (p < 0.0001). 
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Figure 2. Changes in affective pulmonary blood flow between 
pre- and postope'rative cardiac catheterization. 
In 15 of the 21 patients who underwent catheterization, 
postoperative arterial oxygen saturation was higher than pre•
operqtive pulmonary artery oxygen saturation. 
Discussion 
Early development of severe pulmonary vascular disease 
in patients with transposition of the great arteries with Or 
without ventricular septal defect has been well documented 
(1,7,8), The Mustard operation previously carried a high 
mortality rate in this group of patients (1,9). In one report 
(10), seven of eight patients with pulmonary artery resis•
tance of 10 U/m2 or more died after surgery. 
Surgical risk. The approach of Lindesmith et a!. (2) 
provided a major step forward in an attempt to treat those 
patients whose condition was not diagnosed or surgically 
treated before severe pulmonary vascular obstructive disease 
developed. The operative mortality rate of the palliative 
Mustard or Senning operation is low. In the five reported 
series (10-14), there were only two hospital deaths after 61 
palliative operations (3%). The risk is higher in patients 
with transposition of the great arteries and intact ventricular 
septum because the creation of a ventricular septal defect 
presents additional problems. In one of our patients, the 
created defect was too small and too oblique through the 
septum to provide adequate decompression. The child died 
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in low cardiac output failure, presumably by the same mech•
anism that previously caused deaths in other surgically treated 
patients with transposition of the great arteries, intact ven•
tricular septum and pulmonary vascular disease. In a second 
child, the base of the papillary muscle attached to the tri•
cuspid valve was injured during creation of a ventricular 
septal defect. This child died 6 days after operation with 
severe tricuspid incompetence. Nevertheless, the hospital 
mortality (two of seven patients in this subset of patients 
with the created ventricular septal defect) is encouraging. 
Long-term results. Because the long-term results of 
palliative intraatrial repair were unknown, we attempted to 
determine 1) whether pulmonary vascular resistance might 
decrease over time in some patients so that a secondary 
closure of ventricular septal defect could be contemplated, 
and 2) whether the children experienced increased exercise 
tolerance and general enjoyment of life several years after 
a palliative Mustard/Senning operation. 
We found at cardiac catheterization that the elevated pul•
monary vascular resistance did not decrease over time, but 
the systemic resistance did. Arterial oxygen saturation re•
mained improved. The improvement in functional class was 
also gratifying. Of 15 patients who have reached age 20 
years or older, 10 are gainfully employed. One patient is 
disabled and had cyanosis as a result of biventricular failure, 
but the remaining 35 hospital survivors are active. Two late 
deaths that occurred were due to well known problems: one 
was probably caused by arrhythmia, and the other by aneu•
rysmal dilation of the pulmonary artery-a consequence of 
long-standing pulmonary hypertension. 
Conclusion. This study shows that the early hospital 
mortality after a palliative Mustard/Senning operation is 
acceptable (3 [7.3%] of 41 patients). There were only two 
late deaths (5.2%). Thirty-five of 36 long-term survivors 
are well (18 in functional class I and 17 in class II); only 
1 patient is still disabled (class III). Early operation before 
the development of pulmonary vascular obstructive disease 
is obviously the optimal treatment. However, for those pa•
tients whose condition is not diagnosed or surgically treated 
before the development of pulmonary vascular obstructive 
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disease, the palliative Mustard or Senning operation remains 
a very good option. 
References 
I. Mair DD, Ritter DG, Ongley PA, et al. Hemodynamics and evaluation 
for surgery of patients with complete transposition of great arteries 
and ventricular septal defect. Am 1 Cardiol 1971 ;28:632-40. 
2. Lindesmith GG, Stiles QR, Tuker BL, et al. The Mustard operation 
as a palliative procedure. 1 Thorac Cardiovasc Surg 1972;63:75-80. 
3. Byrne 1, Clarke D, Taylor lFN, Macartney Fl, de Leval M, Stark 1. 
Treatment of patients with transposition of the great arteries and pul•
monary vascular obstructive disease. Br Heart 1 1978;40:221-5. 
4. Stark 1, de Leval MR, Taylor lFN. Mustard operation and creation 
of ventricular septal defect in two patients with transposition of the 
great arteries, intact ventricular septum and pulmonary vascular dis•
ease. Am 1 Cardiol 1976;38:524-7. 
5. La Farge CG, Miettinen OS. The estimation of oxygen consumption. 
Cardiovasc Res 1970;4:23-30. 
6. Heath D, Edwards lE. The pathology of hypertensive pulmonary vas•
cular disease: a description of six grades of structural changes in the 
pulmonary arteries with special reference to congenital cardiac septal 
defects. Circulation 1958: 18:533-47. 
7. Viles PH, Ongley PA, Titus lL. The spectrum of pulmonary vascular 
disease in transposition of the great arteries. Circulation 1969;40:31-40. 
8. Newfeld EA, Paul MH, Muster Al, ldriss FS. Pulmonary vascular 
disease in complete transposition of the great arteries: a study of 200 
patients. Am 1 Cardiol 1974;34:75-82. 
9. Breckenridge 1M, StarkJ, Bonham-Carter RE, Oelert H, Graham GR, 
Waterston Dl. Mustard's operation for transposition of the great ar•
teries. Lancet 1972;1:1140-2. 
10. Mair DD, Ritter DG, Danielson GK, Wallace RB, McGoon DC. The 
palliative Mustard operation: rationale and results. Am J Cardiol 
1976;37:762-8. 
II. Stark J. Concordant transposition-other operation. In: Stark 1, de 
Leval M, eds. Surgery for Congenital Heart Defects. London: Grune 
& Stratton, 1983:375-85. 
12. Bernhard WF, Macdonald D II, Sloss LJ, Castaneda AR, Nadas AS. 
The palliative Mustard operation for double outlet right ventricle or 
transposition of the great arteries associated with ventricular septal 
defect, pulmonary vascular hypertension and pulmonary vascular ob•
structive disease. Circulation 1976;54:810-7. 
13. Oelert H. Atrial inversion for transposition of the great arteries using 
an intra-atrial Dacron baffle: surgical technique and results. In: Long•
more DB, ed. Modem Cardiac Surgery. London: MTP Press, 351. 
14. Lindesmith GC, Stanton RE, Lurie PR, et al. An assessment of Mus•
tard's operation as a palliative procedure for transposition of the great 
vessels. Ann Thorac Surg 1975;19:514-20. 
